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1. (9 pts) True or False o IR

(a) It a Carnot engme has Thot- 60 °C and Tcold-- 30 °C is efﬁc1ency 1S 1/z

(b) If, for some process we ﬁnd AE-- -328 4 J and AH-- _
sas _ -

TRUE  FALSE

(c) qu 1s always non-zero, for any possible cycle.

TRUE

TRUE

5 All gases are 1deal gases _

TRUE

(g2) pV is a state function.

~ (h) --i;- is always a state functlon

TRUE - TALSE

(i) Work is always calculated as Force*AX = .
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2. (21 pts) Bob the Bass

Bob the Bass has a swim bladder containing 0.5 moles of an ideal gas (C, = -—g-nRT ). Assume that the

swim bladder is a closed system.

(a) Bob the Bass swims from the surface of a lakc where the pressure 1s 1 atm, to a dcpth of 30

meters below the surface (where pressure is 2 atm) Supposc that during Bob’s descent, his swim
bladder contracts isothermally and reversxbly If his swim bladder is at a temperature of 25 °C,

find AE, AH q, and w (always In J oulcs) for thc SWim bladder .

}uoor‘rh \ ?o\\t\t’

w3z ~neT o (3 )..._ -nkwm( %;) 205wt + 3314 M,, +298k + 0 (1)

=959 3 . q = --35‘[ J mf"’\n 1 ‘Po‘h’t'
(b) At the depth of 30 feet (2 atm pressure) Bob is hooked by an anglcr After a furrous struggle he

1s hauled to the surface (1 atm pressure) Durrng thlS time pcrlod Bob uses internal muscles so

~ that the swim bladder is hcld at a constant volume (hint: the tcmpcraturc must 1ncrease) Find
AE, AH, q, and w (in Joulcs) for thc swrm bladdcr N woryh 1\ om +

- 0 2 atn- '
2= J;" Z — IQ8F
[z \ atvn

2 \aq ¢

(c) Once on the surface Bob’s swim bladder expands untrl the volume and the tcmpcrature are the
same as 1n part la. Find AE, AH q, and w (1n Joulcs) for thc swim bladder.

st Ak

TARAT = - (0smet)(8.314 T Y« 14a)

=qr*w= 92397
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_ (d) Determine the total chan ge 1n 1nternal energy and enthalpy for the entlre process startlng from la

and ending at lc. Explain why you could have arrlved at thrs answer wrthout dorng any
calculation. - '

(f) How many times must be Bob be caught from a depth of 30 1 m, released and allowed to swim

down again to 3m before he passes away‘7 If you drdn t get an answer for part e assume a
reasonable q and w. “

Assume the following:

* Bob weighs 5 kg, and has the heat capacity of water (4.18 J/g K).

e All the heat from parts la—c are transferred d1rectly to hlS body, and are not passed on
to his environment. . .

e Bob dies at 40 °C.
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(8) Bob the bass is served for breakfast. In the process of preparing Bob for consumption, the
~ following occurs: S

Cp,raw — 4. 18 J/g K Cpacooked= 1_32J/gK _

"Find AH(30 °C)aaw, cooked in kI/kg.
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9 K on N
0 pts) One Shots -F"No:’e‘m&veﬂwe L\%e,‘, cmd..p \4¢|$\4¢, May have re

3. ceived '
0 &redik due do the cenrly con+raducl'ory/inmrrec-lv coulent of subse.cbuev\-r erc;,

These guestions requrre only very short answers. Keep your answers as short as possible; no more than
2-3 sentences. Anything after the thlrd sentence will not be graded

&' they mewdion (o e(26/hy), (b"/:r) qu‘;\saitq W-tkm. H=E + PV
@4)(a) In general, C, differs from C,. Explam p ysrcally, why this 1s true. '

For o

AN 1IN ereéase

Comstaul — vol ume Trocess hea& s —rr’i‘ ma.r'sl\l abeored Ui o
[14 ""’h{ kl “d’lc.. e“e@‘l D.Q t&b\e MD‘eQ u'e’s /a;-lbms.

For constand - vessum «Fmoes ses, -l-he volume  can CJ\M&C 5 -I-kef'?Pofe

-Hn_e heat e abscpr‘oec‘ Wol- on |sl viqa an mc—mse m -y b1 CovNc:r-l-ec\ Yo
I U)Of‘k- \ / | _ | }

(+V) 'P"" CP =C"*‘2 ) g "‘"‘QY "“‘9‘““‘10'\ kme-hc_ CVI

(+2) s Mo ¢ a\ re«es o-f zg(

-, (b) Cornputatlonal brolog ts utilize

Often these scientists use dlfferent therrnodynamrc quantltres to judge whether a certain protem
configuration is stable. ‘

In one computer experiment, a scientist estimated from her calculations the entropy of a protein
at 0 K and found that it did not equal zero. Is there somethm g wrong with her al gorlthm? Explain.

-Tl:.e '"""J law O-p -l'hermodym M.tc..s siates 'HM:H S-—- O - ak O\< FD" o
¢t Crystal. A prolein s nob rerfec-l— erystal | hevce it is reasonable

(d) A Protein crystallographer’s ‘biggest challenge 1S to obtain high quality crystals of protein. The '
proteins in a solution, under proper conditions, will come together in an ordered regular arrangement.

Using what you know about thcrmodynarmcs explarn how it is possible to form this highly-ordered,
crystalline structure from a disordered solution. ‘

While Agfrakm <0 —Fram cnlsh\l‘uhan "’"\'6— GJ"I $‘|nl||%4‘h0" 'TV' ccess
COAWN \oe Yo "tlf\e rw\IC» V'Cl QQSWS ldeﬂ-" “\"D -ﬂu Squuv\ c‘l ﬂjs . and C_au.slu\ﬂ

ASSu" >0. As 'ouj as As-bl-al Agsur( ¥ A;FV‘H'CM >‘ O +Hala rv-ac,e_n  y
15 'H\eﬂ\doc!y V\QM\CauA,‘ @MPMJ '

Qlso a.cce‘;k) : evaror‘a-how _ Hne Solvewl- “whill *Froc\uce an M&f?ﬂl;e
B A gsurr W‘dl C‘ﬂ COMFQV‘M"-CS ‘FB’V AS rfo.km -40 (Agiuf( <4 AS

(+2) For mevhioniy &R or  release “F heat 6"‘
C"r?’) For Mev\l—mwvj A‘S ¥ ASm_". _

( +%)
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4. (10 pts) Bond Energies

Consider the following reaction in which two aspartic acid molecules join to form a dipeptide.
H

HO .0

HO
HO

OH .
OH _ HO™ 0

What is AH,, based on the bond dissociation energies from the information page?

Y,

V'OL; [cw\ 5 I
c‘rff ra/)f‘tc_ble

—rt,
H) l,o.,._J> c-'?./(n" was 7“/’8#\ _
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5. (10 pts) Chemical Reactions

0.727 grams of D-ribose (C5H1005) 1s placed In a calonmeter and 1gmted in the presence of excess

oxygen, causing the temperature to rise by 0. 910 K.

(a) What is the balanced reaction of the combustion (assuming complete conversion into CO, and

GOy + Csho

OS——>75'C01 + S 4, o

(b) To calibrate your calorimeter you combust 6.76* 10" > moles of benzoic acid, which has a heat of
combustion of -3251 kJ/mol:; thlS causes the temperature to rise by 1 940 K What is the heat
capacity if the calorimeter? ‘ '

e (¢. #6,:10 M,!) 315, K:J/w) o
F’ EEEPWE — = 4+ 1,3 K
o L aYye K R i /"
ccq,)

(c) Using your result from part b (if you didn’t answer part b assume the heat capacity was—}IO
kJ/K) calculate AH of combustion for D-nbose (1 €. AH for the reactlon you wrote 1n part a)

P-l — L . \ose wi < Iso V) /“‘-'r) [

Lpt = A H,- = - (" Kj/“) (o'c“” k) [" "7-""3\(%J

= -, lxlo" l<3'/,.wl _

oA

I [Mlvws ‘ "‘\)4 ‘QV‘

$l)m (’v’m"

Mo’

(d) Using your result from part c (1f you dldn’t get answer use AH= -1000 kJ/mol), and the va.lues
from the tables on the 1nformat10n page calculate AH; for D-rlbose ‘




